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Searching for cluster of galaxies

galaxy  weak lensing
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Cluster samples: history
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Galaxy-selected clusters

all sky
>1014M⊙/h

SDSS 
(Wen+)

HSC S21A 
(MO+)

MaDCoWS 
(Gonzalez+)



X-ray-selected clusters

all sky
>1014M⊙/heRASS

[extrapolated 
 from eFEDS]



SZ-selected clusters
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Weak-lensing-selected clusters

all sky
>1014M⊙/h

HSC-Y3 (MO+)



Future prospect
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• one of stage-III dark energy surveys

Subaru HSC-SSP survey

KiDS (2012-2019)
1500 deg2, rlim~25

DES (2013-2019)
5000 deg2, rlim~25

HSC (2014-2021)
1400 deg2, rlim~26

also talks by Yen-Ting Lin
and Michael Strauss



CAMIRA cluster finding algorithm

red-sequence
(find cluster, photo-z)

cluster photo-z
ri

ch
ne

ss

1921 optical clusters
at 0.1<z<1.1

from HSC-SSP Y1
(~200 deg2)

MO MNRAS 444(2014)147; MO, Lin+ PASJ 70(2018)S20



Latest HSC-SSP cluster catalog 

cluster photo-z
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10281 optical clusters
at 0.1<z<1.38

photo-z accuracy
σz/(1+z)~0.01

cluster photo-z
B

C
G

 s
pe

c-
z

(~1090 deg2)

wide range of applications!



Splashback radius
Murata, Sunayama, MO+ PASJ 72(2020)64

10 Publications of the Astronomical Society of Japan, (2014), Vol. 00, No. 0
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Fig. 1: In the top row, we show observed projected cross-correlation measurements between the clusters and galaxies (points with
error bars in red color) from left to right, for the Full, Low-z, Mid-z, and High-z cluster samples from Table 3 with the fiducial
absolute magnitude cut Mz �5log10h <�18.8 for galaxy selections. Shaded colored regions show the 16th and 84th percentiles of
the model predictions from the MCMC chains for each cluster sample. The dashed profile curves in the top row show contributions
from off-centered clusters to projected cross-correlation measurements at the best-fit model parameters. The second row shows
constraints on the logarithmic derivative of the projected cross-correlation profiles without off-centering effects in equation (7).
The third row presents constraints on the three-dimensional galaxy density profile calculated as ⇢g(r) = h⌃gi⇠3D(r)/(2Rmax) (see
Section 3.1 for more details). The last row shows the constraints on the logarithmic derivative of the three-dimensional profiles. The
vertical black dashed lines denote mean values of R200m shown in Table 1 for the cluster samples. Black vertical shaded regions
show model predictions from the halo-matter cross-correlation (i.e., dark matter particle distributions around clusters) and mass-
richness relation in Appendix 1 for R

2D
sp in the second row and r

3D
sp in the third and last rows from Table 1, whereas colored vertical

shaded regions show their constraints from the MCMC chains in each cluster sample. Black shaded profile regions in the second
and last rows show derivative profiles from the model predictions for each cluster sample.
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Fig. 1: In the top row, we show observed projected cross-correlation measurements between the clusters and galaxies (points with
error bars in red color) from left to right, for the Full, Low-z, Mid-z, and High-z cluster samples from Table 3 with the fiducial
absolute magnitude cut Mz �5log10h <�18.8 for galaxy selections. Shaded colored regions show the 16th and 84th percentiles of
the model predictions from the MCMC chains for each cluster sample. The dashed profile curves in the top row show contributions
from off-centered clusters to projected cross-correlation measurements at the best-fit model parameters. The second row shows
constraints on the logarithmic derivative of the projected cross-correlation profiles without off-centering effects in equation (7).
The third row presents constraints on the three-dimensional galaxy density profile calculated as ⇢g(r) = h⌃gi⇠3D(r)/(2Rmax) (see
Section 3.1 for more details). The last row shows the constraints on the logarithmic derivative of the three-dimensional profiles. The
vertical black dashed lines denote mean values of R200m shown in Table 1 for the cluster samples. Black vertical shaded regions
show model predictions from the halo-matter cross-correlation (i.e., dark matter particle distributions around clusters) and mass-
richness relation in Appendix 1 for R

2D
sp in the second row and r

3D
sp in the third and last rows from Table 1, whereas colored vertical

shaded regions show their constraints from the MCMC chains in each cluster sample. Black shaded profile regions in the second
and last rows show derivative profiles from the model predictions for each cluster sample.
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• detection at highest-z!
• consistent w/ theoretical prediction (cf. More+2016)



• CAMIRA cluster catalog in HSC-SSP PDR3 
(~800 deg2) was released in 2022 March

    https://hsc-release.mtk.nao.ac.jp/doc/index.php/camira-cluster-catalog__pdr3/

• if you are interested in a large homogenous 
cluster catalog out to z~1, please check!

Public release

(e.g., poster by Roohi Dalal for BCG study w/ CAMIRA)

https://hsc-release.mtk.nao.ac.jp/doc/index.php/camira-cluster-catalog__pdr3/


WL mass map

  bars: observed galaxy distorsion (shear)
color: reconstructed mass map

(e.g., Kaiser & Squires 1993; Schneider 1996; …)



WL selected clusters

clusters from peaks in mass map
[purely gravitational selection!]



Depth is important
Miyazaki, MO+ PASJ 70(2018)S27

DES, KiDS

HSC
high ngal

high resolution 
of mass maps

galaxy number density
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Challenge: deep and wide imaging

≲ 10 clusters
before 

HSC-SSP



Three year WL selected clusters
MO, Miyazaki+ PASJ 73(2021)817



Three year WL selected clusters
MO, Miyazaki+ PASJ 73(2021)817

418 clusters 
with

S/N > 4.7

significantly large 
sample for 

statistical studies!

10 Publications of the Astronomical Society of Japan, (2018), Vol. 00, No. 0
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Fig. 7. Weak lensing masses and redshifts of shear-selected clusters in the TG15 (left), TI05 (middle), and TI20 (right) catalogs. Red filled circles with 1�

errorbars show M500c derived from differential surface density profile fitting. Blue open circles indicate clusters that are matched with the CODEX catalog.

Fig. 8. Weak lensing masses of shear-selected clusters in the TI05 catalog
are compared with X-ray luminosities of CODEX clusters that are matched
with the shear-selected clusters, with the correction of the dimensionless
Hubble parameter E(z). The X-ray luminosities are measured in the rest-
frame 0.1� 2.4 keV (Finoguenov et al. 2020).

order to select clusters with many cluster member galax-

ies, where the richness � for CODEX clusters is measured

using the redMaPPer algorithm (Ryko↵ et al. 2014). The

richness threshold is determined so that a su�cient (>⇠ 50)

number of clusters are included in each of the cluster sub-

samples. We show stacked number density profiles nor-

malized by those computed with random source galaxy

catalogs in order to highlight e↵ects of cluster member

galaxies. We find a clear signature of the enhancement

of number density profiles without any background galaxy

selection. On the other hand, when source galaxies behind

clusters are selected, we see decrements toward cluster cen-

ters due to the obscuration by cluster member galaxies (or

magnification e↵ects, see e.g., Chiu et al. 2020). We find

that decrements are negligibly small at ✓ > 20, suggesting

that the TI20 catalog is little a↵ected by cluster member

galaxy obscurations. In contrast, the TG15 and TI05 cat-

alogs are more or less a↵ected by cluster member galaxies

in the sense that the observed signal-to-noise ratios may be

a↵ected by the dilution or obscuration e↵ect due to clus-

ter member galaxies. Since cluster member galaxies do

not contribute to the signal, the dilution e↵ect enhances

the noise and reduce the signal-to-noise ratio. The obscu-

ration a↵ects both the signal and noise in a complicated

manner. These e↵ects may be needed to be taken into

account when deriving an accurate selection function of

shear-selected clusters in the TG15 and TI05 catalogs.

5 Conclusion

We have constructed shear-selected cluster catalogs by se-

lecting peaks in weak lensing aperture mass maps covering

⇠ 510 deg2 reconstructed by the HSC-SSP S19A shape

catalog. Aperture mass maps are constructed using the

truncated Gaussian filter (TG15) as well as the truncated

isothermal filter with the inner boundary of 0.05 (TI05) and

20 (TI20). For TI05 and TI20, we employ multiple source

galaxy subsamples for which galaxies below redshift zmin

are removed to improve the e�ciency. With the signal-

to-noise ratio threshold of 4.7, our shear-selected cluster

catalogs contain 187, 418, and 200 clusters for the TG15,

TI05, and TI20 set-ups, respectively. Cross matching with

optically-selected cluster catalogs suggests that the purity

of the catalogs is high, more than 95% for TG15 and TI20

and more than 91% for TI05.

These catalogs represent by far the largest catalogs of

shear-selected clusters to date with such high signal-to-

noise threshold, and will be useful for detailed studies of

cluster astrophysics and cosmology. In this paper, we have

demonstrated how the shape of the kernel function for con-

structing the aperture mass map can be optimized adopt-

ing a flexible functional form of the filter function pro-

posed by Schneider (1996). In particular, we have found

that it is possible to choose the filter function such that

it is almost free from e↵ects of cluster member galax-

ies yet can select a su�ciently large number of clusters.

redshift

m
as

s



WL selected clusters

HSC Y1

HSC Y3

HSC Y5 (?)



• clean and well-understood selection function 
enables accurate cluster cosmology 

     (talk by Kai-Feng Chen)

• testing selection effects of X-ray (eROSITA) 
selected clusters, and searching for X-ray 
underluminous clusters

    (talk by Miriam Ramos-Ceja)

Applications 



• unique samples of clusters from HSC-SSP!

• CAMIRA algorithm provides a large 
homogeneous sample of galaxy-selected 
clusters out to z~1

• HSC-SSP begins to provide a significant 
sample of weak lensing shear-selected 
clusters

Summary


